TECHNICAL  REPORT 


Defense  Threat  Reduction  Agency 
8725  John  J.  Kingman  Road,  MS 
6201  Fort  Belvoir,  VA  22060-6201 


DTRA-TR-10-59 


Functional  Polymer  Surfaces  for 
Binding,  Sensing  and  Destruction  of 
Bioagents 


Approved  for  public  release;  distribution  is  unlimited. 


September  201 1 


HDTRA1  *07*1  -0036 
David  Whitten 
Prepared  by: 

The  Regents  of  the  University 
of  New  Mexico 
1  -  University  of  New  Mexico 
Albuquerque,  NM  87131 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


The  public  r opening  burden  tor  this  collection  af  information  le  astimitsd  to  avariga  1  hour  aw  riiBptifieB.  including  mo  Urns  Jot  raviawing  instruetiona.  aasrehing  easting  date 
sourOBS,  gaihermg  and  mein  laming  the  data  needed,  and  compiling  and  reviewing  tbs  toiiecuon  of  rnformmkjb.  Send  cqwmsnU  regard  in  g  this  burden  «dimnti  atmv  other  aspect 
of  Th is  cottoclicn  of  information,  including  suggoslioni  Iot  reducing  the  burton,  to  Dapartmunt  of  Deforce,  WeaTiingtdn  Headquarters  Services,  Draclnrala  for  Intormallon 
Operations  end  Reports  10704-0100),  1215  Jefferson  Dews  Highway,  Suite  T£04,r  Arlington,  VA  22202-4302,  Respondents  thouid  be  aware  (hat  notwithsiefidjng  any  other 
provision  of  tew,  no  person  snail  be  subject  to  any  penalty  for  falling  to  comply  with  e  collection  of  information  if  it  does  not  display  a  ourreotiv  mlid  OMH  control  number 
PLEASE  DO  NOT  RETURN  YDUFt  FQRW  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY) 

08/10/2009 


4.  TITLE  AND  SUBTITLE 


2,  REPORT  TTPE  3.  DATES  COVERED  (From  -  To) 

DTRA  Final  08/01/2007  -  06/30/2009 


5a.  CONTRACT  NUMBER 


Functional  Polymer  Surfaces  for  Binding,  Sensing, 
and  Destruction  of  Bioagents 


5b.  GRANT  NUMBER 

HDTRA 1-07- 1-0036 


5c.  PROGRAM  ELEMENT  NUMBER 


6,  AUTHOR(S) 

David  Whitten 


5d.  PROJECT  NUMBER 


5b.  TASK  NUMBER 


5L  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(3)  AND  ADDRESS(ES) 

The  Regents  of  the  University  of  New  Mexico 
1  -  University  of  New  Mexico 
Albuquerque,  NM  87131-0001 


9.  $  PONS  ORING/MONITO  RING  AGENCY  NAME(S)  AND  ADDRESSEES) 

Defense  Threat  Reduction  Agency/BE-BCR 
8725  John  J.  Kingman  Rd, 

Ft  Belvoir,  VA  22060-6201 


6.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

OVPRED  79&B 


IQ.  SPONSOR/MONITOR’S  ACRONYM (S) 


11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


12.  D1STRI BUTION/ AVAI LABI LITY  STATEMENT 

Unlimited 


13.  SUPPLEMENTARY  NOTES 


14.  abstract  The  research  on  this  project  combined  several  different  components  ranging  from  the 
synthesis  of  unique  biocidal  oligomers,  the  study  of  their  photophysical  properties,  their  incorporation 
into  films  to  fundamental  studies  of  films  for  capture  and  release  of  bacteria,  new  spectroscopic  and  force 
based  methods  to  monitor  these  processes  and  modeling  of  the  interaction  of  force-separation  profiles  for 
surfaces  coated  with  stimuli-responsive  materials.  Significant  progress  was  made  in  all  of  these  areas 
over  the  L5  years  of  funding  provided  by  this  grant.  A  new  family  of  biocidal  materials  was  synthesized 
(oliogomeric  phenylene  ethynylenes,  OPE)  which  show  remarkable  photophysical  properties,  sensing 
potential  and  dark  and  light-activated  biocidal  properties.  The  biocidal  properties  of  cationic  phenylene 
ethynlene  derivatves  have  been  shown  to  correlate  with  atomic  force  measurements  of  adhesion. 
Modeling  studies  based  on  Density  Functional  Theory  has  been  developed  for  the  different  states  of 
thermo-responsive  polymers.  Additional  progress  has  been  made  possible  by  a  second,  follow-on  award 
that  is  still  active.  Collaborations  initiated  under  this  award  have  continued  and  are  still  active. 


15.  SUBJECT  TERMS 


su  REPORT 


LASS1RCATION  OF: 

17,  LIMITATION 

18.  NUMBER 

b. ABSTRACT 

c.  THIS  PAGE 

OF  ABSTRACT 

OF 

PAGES 

Unclassified 

Unclassified 

None 

7 

Frank  Gilfeather 


19b.  TELEPHONE  NUMBER  (irtdude  eras  code) 

505-272-7039 


Standard  Form  298  IFtev.  B/9B) 

Prtfscfibfld  tjv  ANSI  Sid.  Z39.1S 


Hl>TRAl-07-l-0036 


Title:  Functional  Polymer  Surfaces  for  Binding.  Sensing  and  Destruction  of  Bioagents 

Investigators:  David  Whitten,  David  J.  Keller,  Gabriel  P.  Lopez,  Linnea  Ista,  John  Grey, 
University  of  New  Mexico;  John  McCoy,  New  Mexico  Tech 

Obiectivcfs)  The  objectives  of  this  research  are  to: 

1)  Understand  the  chemical  and  physical  reasons  behind  the  light-activated  biocidal 

activity  of  conjugated  polyclcctrolyte  polymer  films  and  combined  smart-polymer- 
(stimuli -responsive  polymer  (SRP)  conjugated  polyelectrolytc  blends  and  self- 
assembled  monolayers  (SAMs). 

2)  Develop  a  mechanistic  understanding  of  the  capture  and  release  of  bacteria,  bacterial 

debris  and  biowarfare  agents,  using  self-assembled  monolayers  of  pure  and  mixed 
reactive  agents  as  models. 

3)  Apply  new  spectroscopic  and  force-based  single-particle  and  single-molecule 

methods  to  the  reliable  measurement  of  the  thermodynamic  and  kinetic  parameters 
that  control  adhesion  and  release  of  bacteria  and  other  biowarfare  agents  to/from 
surfaces,  Couple  these  investigations  with  modeling  and  sensing  studies. 

4)  Achieve  sufficient  understanding  of  the  physical  and  chemical  basis  for  biocidal 

activity  (after  two  years)  to  allow  a  6.2  effort  to  demonstrate  a  CP-based 
decontamination  system. 

Status  of  Effort  The  research  on  this  project  combined  several  different  components 
ranging  from  the  synthesis  of  unique  biocidal  oligomers,  the  study  of  their  photophysical 
properties,  their  incorporation  into  films  to  fundamental  studies  of  films  for  capture  and 
release  of  bacteria,  new  spectroscopic  and  force  based  methods  to  monitor  these 
processes  and  modeling  of  the  interaction  of  force- separation  profiles  for  surfaces  coated 
with  stimuli-responsive  materials.  Significant  progress  was  made  in  all  of  these  areas 
over  the  1 .5  years  of  funding  provided  by  this  grant.  A  new  family  of  biocidal  materials 
was  synthesized  (oliogomcric  phenylene  ethynylcncs,  OPE)  which  show  remarkable 
photophysical  properties,  sensing  potential  and  dark  and  light-activated  biocidal 
properties.  The  biocidal  properties  of  cationic  phenylene  cthynlene  dcrivatves  have  been 
shown  to  correlate  with  atomic  force  measurements  of  adhesion.  Modeling  studies  based 
on  Density  Functional  Theory  has  been  developed  for  the  different  states  of  thermo- 
responsive  polymers.  Additional  progress  has  been  made  possible  by  a  second,  follow-on 
award  that  is  still  active,  Collaborations  initiated  under  this  award  have  continued  and  are 
still  active. 

Accompiishmcnts/New  Findings 

Task  1 :  Preparation,  characterization  and  photophysical  studies  of  oligomeric  conjugated 
polyclcctrolytes  (Whitten,  UNM;  Grey,  UNM).  A  series  of  OPE  were  designed  and 
synthesized  for  surface  attachment,  potential  biocidal  activity  and  combination  with 
thermo-responsive  materials  in  sell-assembled  monolayer  films.  The  initial  approach  is 
shown  in  the  figure  below: 
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R";  Glass  surface 


OR1 


n=l,  2,  3,  or  4 


The  series  with  n  -  1,2  and  3  was  successfully  synthesized,  where  OR’  is  a  pendant  group 
terminated  by  a  trimethylammonium  group.  These  compounds  have  been  attached  to 
glass  surfaces  of  microsphere  supports  and  planar  slides.  These  compounds  have  been 
shown  to  have  dark  and  light-activated  biocidal  properties  against  several  Gram  negative 
and  Gram  positive  bacteria.  They  also  have  interesting  photophysical  properties  and  their 
sensing  properties  have  been  suggested  by  investigation  of  their  photophysics  in  the 
presence  and  absence  of  negatively  charged  biopolymers. 


Task  2:  Preparation  and  characterization  of  stimuli -responsive  polymer  monolayers  and 
Cells  (Lopez,  Ista,  UNM).  The  goals  of  this  task  were  to  characterize,  develop,  and  test 
two  thermally  responsive  surfaces,  poly(N-isopropyl  acrylamide)  (PNIPAAm)  and  a 
mixed  self  assembled  monolayers  of  hexa(ethylene  glycol)  and  alkyl  thiolatcs  (mixed 
SAMs).  The  thermally  responsive  behavior  of  PNIPAAm  and  the  mixed  SAMs  make 
them  good  candidates  for  “smart”  surfaces  that  can  be  used  to  controllably  capture  and 
release  biowarfare  agents  in  applications  for  detection  and  decontamination.  We  want  to 
be  able  to  understand,  predict  and  observe  the  forces  between  simulants  for  biowarfarc 
agents  and  the  two  thermally  responsive  surfaces.  We  are  now  able  to  control  PNIPAAm 
brush  synthesis  and  can  reproducibly  generate  thermally  responsive  surfaces.  The  surface 
has  been  thoroughly  characterized  by  physical  and  spectroscopic  methods.  A  theoretical 
model  for  predicting  both  free  energy  and  force  interactions  has  been  compared  with 
experimental  data  collected  from  atomic  force  microscopy,  Major  accomplishmcnts/new 
findings  include  that  six  model  proteins  we  studied  will  not  adhere  to  thermally 
responsive  mixed  S  AM  below  the  molecular  transition,  The  six  models  proteins  have 
different  charge,  shape,  weight  and  biological  functionality.  To  observe  how  protein 
toxins  behave  on  the  thermally  responsive  surface  we  examined,  cholera  toxin  subunit  B, 
as  one  of  the  six  model  proteins.  As  stated  before,  the  model  protein  toxin  only  adheres  to 
the  mixed  SAM  at  temperature  above  the  thermal  response.  These  findings  together  with 
previous  findings  on  the  reversible  bioadhesion  to  PNIPAAm  suggest  that  these 
components  can  be  used  in  the  design  of  smart  surfaces  that  can  be  used  to  controllably 
capture,  disable  and  release  biowarfare  agents. 
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Task  3:  Measuring  and  Modeling  Physical  Interactions  between  Target  Surfaces  and 
Bacteria  (Keller,  UNM;  Grey,  UNM;  McCoy,  New  Mexico  Tech,).  The  main  objective  of 
this  task  was  to  understand  the  chemical  and  physical  basis  for  adhesion  and  release  of 
bacteria  and  biowarfare  agents,  using  self-assembly  monolayers  with  well-defined 
chemistry  as  models. 

Four  broad  areas  of  research  w  ere  proposed: 

a)  Directly  measure  adhesion  forces  between  a  bacterial  cell  (or  other  agent)  and  well- 
defined  surfaces.  AdhesioD  forces  have  been  measured  between  pseudomonas 
aerugmaos  strain  PAOl  and  physisorbed  cationic  conjugated  polyelectrolyte  (CPE)  films. 
Adhesion  free  energy  estimated.  Theoretical  estimates  of  the  binding  of  PAOl  to  CPE 
films  as  a  fraction  of  DABCO  present  in  mixtures  with  Poly  NIPAAm  surfaces  carried 
out. 

b)  Create  a  map  or  image  of  adhesion  force  vaiying  over  a  patchy,  non-uniform  surface. 
Surfaces  with  ATRP-grown  Poly  NIPAAm  and  OligoPEG  (two  classes  of  stimuli- 
responsive  polymers)  as  well  as  surfaces  with  biocidal  cationic  conjugated 
polyelectrolyte  polymers  (CPE)  have  been  individually  characterized.  The  mixed, 
patterned  surfaces  remain  to  be  characterized.. 

c)  Estimate  the  potential  free  energy  of  interaction  function  between  a  cell  (or  other 
agent)  and  a  spot  on  the  surface.  This  has  been  completed  not  only  on  cells  but  with  a 
variety  of  other  surfaces.  For  this  project  the  important  surfaces  are  the  CPE,  Poly 
NIPAAm,  and  oligoPEG  surfaces  described  above.  The  accomplishments/ncw  findings 
from  this  task  are  listed  below: 

1.  New  theory  relating  AFM-based  measurements  (potentials  of  mean  force)  to  simple 
relationships  for  surface  on-off  binding  rates,  equilibrium  binding  constants,  and  free 
energies  (or  surface  tensions). 

2.  New  theory  relating  the  property  statistics  of  a  complex  patchy  surface  to  the  net 
binding  energy;  how  these  statistics  arc  related  to  properties  measured  by  AFM  or  single- 
molecule  data 

3.  Completion  of  an  extensive  array  of  AFM  measurements  on  switchablc  polyNIPAAm 
films,  and  switchablc  oligo-ethylcne  glycol  films. 
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eramee r 
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